SUMMARY Etiology, clinical manifestations and outcome were reviewed in 139 cases of "iocked-ln syndrome." Six cases were reported from our center and the remaining 133 cases were taken from a review of the literature. The results of this review emphasized the necessity for a comprehensive program of pulmonary management in this population. Furthermore, an effective system of communication for the patient is considered essential hi the management of the "tocked-in" state. Reported mortality hi the cases reviewed was 60%. Overall, the prognosis for survival and recovery was found to be better hi the group of patients whose syndrome was nonvascular hi origin than those with a vascular etiology. Functional recovery was generally good in those patients with a vascular etiology who survived beyond 4 months while recovery occurred earlier and more completely hi the nonvascular group. Thus, a program of intensive rehabilitation should be considered early in both groups hi order to assist each patient hi attaining the highest level of function possible as recovery progresses.
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IN 1966 Plum and Posner 1 introduced the term "locked-in syndrome" to refer to a neurological condition associated with infarction of the ventral pons. The syndrome is manifested by quadriplegia, lower cranial nerve paralysis, and mutism with preservation of only vertical gaze and upper eyelid movement. Consciousness remains intact and the patient is able to communicate intelligibly using eye blinking. The "locked-in" patient is literally locked inside his body, aware of his environment but with a severely limited ability to interact with it.
Other terms referring to the "locked-in" state are found in the literature. "De-efferented state" 2 "
9 and "pseudocoma" -'• 8 "cerebromedullospinal disconnection," 5 '
7~12 "pontopseudocoma," 9 "pontine disconnection syndrome," 9 "ventral pontine state," 49 "ventral brainstem syndrome," 13 and "pontine locked-in syndrome" 9 refer to the anatomical location of the lesion responsible for the "locked-in" state. Finally, "Monte Cristo Syndrome" 4 ' 9 refers to a character in Alexander Dumas' COUNT OF MONTE CRISTO. The character, M. Noirtier de Villefort, following an episode of apoplexy, was paralyzed except for the ability to move his eyelids which he used to communicate with his family.
Three varieties of "locked-in syndrome," which are termed Classical, Incomplete, and Total, were proposed by Bauer 3 in 1979. The Classical variety is composed of patients with the signs and symptoms of "locked-in syndrome" as originally described by Plum and Posner.' The Incomplete category is similar to the Classical variety except that the patients have remnants of voluntary motion besides upper eyelid and vertical eye movement. The Total variety is composed of a group of patients who are totally immobile, and are unable to communicate. These patients are aware of both internal and external stimuli but are able to carry on only an internal monologue. Bauer 3 further divided each variety into transient and chronic forms. This paper will review 133 cases of "locked-in syndrome" taken from the literature as well as 6 additional cases from our center. The review focuses on the various etiologies of this syndrome, the clinical manifestations and the reported outcome. Finally, the conclusions along with their clinical significance will be discussed.
Case Review
A total of 139 cases of "locked-in syndrome" are reviewed including 6 cases treated in our center. Table  1 lists the pertinent clinical features of our 6 cases. The remaining 133 cases are taken from 71 authors published from 1959-1983.'- 71 The mean age at onset of the "locked-in" state in the 139 patients is 52 (range 16-90) years with 85 males and 52 females. A total of 83 deaths were reported for a mortality rate of 60%.
The etiology in each of the 139 cases of "locked-in syndrome" is listed in table 2. The most frequently reported etiology is infarction of the basis pontis (82 of 139 patients). The various etiologies were divided into vascular and nonvascular categories but it must be noted that there is some overlap between the two groups. The mean age in the vascular group (56 years) was older than the nonvascular group (40 years). Furthermore, the reported mortality in the vascular group (70 of 105 patients or 67%) was higher than the nonvascular group (14 of 34 patients or 41%). In the nonvascular group tumor was the etiology in three cases. These tumors included a pontine reticulum cell sarcoma, 4 fibrillary astrocytoma, 58 and a brainstem metastasis of a well-differentiated adenocarcinoma of the lung. 59 In two of the three patients whose "locked-in" state was associated with encephalitis, measles 60 and swine flu 61 were reported as the infectious agent. Finally, the toxin responsible for 1 case in the nonvascular group was tetrodotoxin from the pufferfish. 71 Premonitory symptoms were recorded in 74 patients. These symptoms are listed in table 3. Dizziness or vertigo, hemiparesis, and headache were the most frequently reported symptoms. In most patients these symptoms occurred during the day prior to the onset of the "locked-in" state, but in a few patients the symptoms were present for days to even months prior to onset.
The most commonly cited coexisting disease proc- •Minimum recovery -minimum motor return, total dependence in all activities. tNo recovery -no return of motor function, total dependence in all activities. Moderate recovery -moderate motor return, independent in some but not all activities.
ess was hypertension. A history of hypertension was reported in 43 patients (all in the vascular group) with 28 hypertensive on admission. Other disease processes reported in more than one patient were atherosclerotic heart disease (8 patients), diabetes mellitus (6 patients), and atrial fibrillation (5 patients).
The clinical manifestations of each patient are classified into the three groups proposed by Bauer. 3 Of the 139 patients, 89 were Classical, 46 were Incomplete, and 3 were Total. One patient could not be classified due to insufficient data. Ten patients were transient "locked-in" states while the remaining were chronic. The remnant of voluntary motor activity in each of the Incomplete cases are summarized in table 4. Preserved horizontal gaze and facial paresis were most frequently reported.
The status of the respiratory tract was reported for 42 patients. Breathing patterns reported included normal (4 patients), involuntary/diaphragmatic (6 patients), Cheyne-Stokes (9 patients), ataxic (8 patients), hyperpnea (8 patients), and apnea (7 patients). Furthermore, respiratory assistance was required in 36 patients in the form of assisted ventilation (30 patients), and secretion management (6 patients). Tracheostomy was performed in 16 cases while only intubation was required in 20 cases.
The sensory findings in the "Locked-in Syndrome" were found to vary from normal to absent. In 62 patients sensation was reported as normal (18 patients), present (10 patients), unilateral abnormality (24 patients), bilateral abnormality (4 patients), and absent (6 patients). This variation may reflect the difficulty in performing an adequate sensory examination in this patient population. It may also reflect the variation in the size and location of the lesion causing the "lockedin" state.
Extensor posturing was reported in 52 patients with 32 of these patients exhibiting extensor posturing only with noxious stimulation. Flexor posturing was noted in 9 patients. Deep tendon reflexes were reported hyperactive in 55 cases, hypoactive in 6 cases and areflexic in 10 cases. An extensor plantar response was a variation in the size and location of the lesion responsible for the "locked-in" state.
Involuntary motor phenomenon were recorded in 50 patients. A list of these phenomenon are summarized in table 6. Ocular bobbing, which has been reported in association with extensive pontine lesions, 24 is the most frequently reported phenomenon.
EEG's were recorded in 87 patients. The results were normal in 39 cases and abnormal in 48. Although some EEG's showed abnormal background activity (slow theta or delta wave, desynchronous or poorly organized background activity), the most frequent abnormality was the presence of added activity, in the form of slowing over the temporal or frontal leads, or more diffuse slowing. Focal findings were observed in only 2 patients both of whom had sustained head injuries. The striking feature of the EEG in the "locked-in" n.
-

state, which has been reported previously, 72 ' 73 is the discrepancy between the extreme involvement in the clinical state and the normal or minimally abnormal EEC Thus, the presence of a relatively normal rhythm that is reactive to some form of altering stimuli (i.e. EEG of waking state) in a patient that appears to be comatose should alert one to the possibility of a "locked-in" state. 72 A total of 24 sleep EEG's were performed in 21 patients. Five studies were considered normal. The remaining 19 studies showed abnormalities in both REM and non-REM sleep. Disorganization was the most common abnormality in Non-REM sleep (17 studies) with an absence (5 studies) or a reduction (2 studies) of both stage 3 and stage 4 sleep. REM sleep was absent in 15 studies and reduced in an additional 4 studies. Overall, sleep was reduced with a range of 1.25-6.5 hours.
Brainstem auditory evoked responses were reported in 10 patients with 3 normal studies, 3 assymmetric and 4 abnormal bilaterally. Likewise, somatosensory evoked responses in 5 patients were found to be normal in 1 case, assymmetric in 3 cases and bilaterally abnor- mal in 1 case. The variation in the results of these 2 tests (normal to assymmetric to bilaterally abnormal) suggests that the size of the lesion causing "locked-in syndrome", as well as the location, vary from patient to patient. Functional recovery in the "locked-in syndrome" is reported in figures 1 and 2. In order to grossly quantitate functional recovery for each patient, five categories were developed. The first category, No Recovery, includes those patients who had no motor return and who were totally dependent in their care. Those patients who had some minimal voluntary motor return but were still totally dependent in their care were placed in the second category, Minimum Recovery. The third category, Moderate Recovery, included those patients who were reported to have significant motor return which allowed them independence in some but not all of their daily activities. but still had some minimal neurological deficit, the fourth category, Full Recovery, was used. Finally, those patients who had no reported residual neurological deficit were placed in the fifth category, No Neurologic Deficit. Only those patients who were alive at the time of the last follow-up and in whom a level of recovery could be determined were included in each of the two figures. Figure 1 shows the functional recovery in 29 patients whose "locked-in" state was vascular in origin. Most patients had little functional recovery during the first few months following the onset of their condition except for a small group of individuals who had a transient "locked-in" state. These patients showed full recovery within the first month (usually days) after onset. Of the patients with reported survival beyond 4 months, 13 of 16 showed moderate to full functional recovery. Of these 13 patients all showed evidence of recovery within the first 3 months post onset. It should be noted that in the group of patients with reported mortality only minimal or no recovery was attained prior to death. Figure 2 shows the reported recovery in 18 patients with a nonvascular etiology of their "locked-in" state. Twelve of these patients showed full recovery within the first 6 months while 2 others showed moderate return. One patient was reported to have no recovery of motor function at 12 years while two other patients had minimum and no recovery at 2 years and 10 months, respectively. Overall, the nonvascular group showed an earlier and more complete recovery than the vascular group.
Mortality was previously reported in 83 of the 139 patients. Figure 3 shows the recorded time period of death in 79 of these patients (four patients were excluded due to insufficient data). In the patient group whose "locked-in" state was due to a vascular lesion, 63% of the deaths occurred within the first month and 88% occurred within the first 4 months. In the nonvascular group 82% of the deaths occurred within the first 4 months. Of all reported deaths 87% occurred within the first 4 months. Our patient who died at 8 years post onset secondary to metastatic disease was not included in these percentages.
The reported causes of death for the above 83 patients are listed in table 7. Pulmonary complications represent the most frequent cause of death (35 patients) with extension of the brain stem lesion being the second most cited cause (15 patients). Figure 4 shows the frequency for each cause of death during each month of a 5 month period following the onset of the "lockedin" state in 72 cases. Extension of the lesion is reported as the primary cause of death during the first week post onset. Pulmonary complications become and remain the most frequent cause of death after the first week.
Discussion
The above case review relates the etiology, clinical manifestations and outcome in 139 cases of "locked-in syndrome." In interpreting trends from this data one must realize that these cases may not represent a true sampling of the "locked-in syndrome." As frequently happens, case histories which are unusual or show a successful therapeutic approach are submitted for publication while the routine cases are not. Thus, we must at least consider that these cases may represent a skewed population and not a true sampling. Yet, we feel certain trends can be identified. These trends and their impact on the management of the "locked-in" patient will be addressed in the following discussion.
First of all, by definition all of these patients, though severely restricted in motor function, are conscious and aware of the environment around them. This is reinforced by their ability to communicate using their residual motor function. Because they are alert, it is important to establish a consistent form of communication to be used with the patient. The system chosen should be posted at the bedside so that each individual communicating with the patient has the patient respond in the same manner. This reduces the likelihood that the patient will become confused and frustrated by a constant change in the method of his response. Moreover, since most of these patients retain their ability to hear, care must be taken in the content of any discussion held near the patient.
A second important feature emphasized by this review was that the respiratory system is affected in a significant number of patients with "locked-in syndrome." In 42 patients in which the status of the respiratory system was noted, 38 were reported as having an altered breathing pattern. Futhermore, respiratory assistance in the form of assisted ventilation and secretion management was required in 36 patients. Most importantly, pulmonary complications represented the leading cause of death after the first week post onset of the "locked-in" state. Considering these findings, it is apparent that the "locked-in" patient is at a high risk of developing significant respiratory problems. These patients should be monitored closely for any evidence reflecting a need for ventilatory assistance, a reduced ability to handle their secretions or early signs of a respiratory infection. When respiratory problems develop, early intervention should be considered including respiratory assistance when indicated. Finally, as a preventive measure these patients should be started in a program of pulmonary hygiene that should be continued after discharge from the hospital, especially during the initial 4-6 months following onset.
Another trend noted in this review was the variation in clinical findings associated with the afferent pathways. This was demonstrated in the sensory pathways by clinical examination, in the somatosensory pathway by somatosensory evoked responses and in the auditory pathway by brainstem auditory evoked responses. In each of these, the findings varied from normal to bilaterally abnormal. This suggests that the size and/or location of the pathologic lesion may differ significantly from patient to patient even though the motor involvement is similar. Since sensory testing is difficult at best to perform accurately in the "locked-in" patient, other tests such as brainstem auditory evoked responses and somatosensory evoked responses provide a valuable means of evaluating the integrity of the afferent pathways as well as localizing the extent of the lesion.
Finally, on the basis of the etiology of the "lockedin" state in each patient, a natural division of the 139 cases could be made. Two groups were formed with patients divided according to their etiology being primarily vascular or nonvascular. The observed differences in the reported recovery and mortality between the two groups gives support to the validity of such a division. The nonvascular group showed a more rapid functional recovery in its survivors (moderate to full recovery in less than 6 months) than the vascular group (only minimum recovery in the first 4 months except for patients with a transient "locked-in" state). Furthermore, the mortality in the nonvascular group (41%) was less than that reported in the vascular group (67%). Thus, for both survival and recovery those patients who have a nonvascular etiology of their "locked-in syndrome" generally have a better prognosis than those patients with a vascular etiology. Yet, we do see functional recovery in both groups. In the nonvascular group whose recovery occurs early, it is extremely important to start a rehabilitation program early in order to assist the patient in attaining the highest level of function possible in the most expeditious manner. Similarly, an early rehabilitation program in the vascular group will assist those patients who ultimately survive in maintaining the highest functional level possible during the course of their recovery.
